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A series of air tests with two different turbines was carried
out on the Turbine Test Rig at the Naval Postgraduate School,
Monterey, California. This study is primarily concerned with
the data reduction and performance analysis of these turbines.
Recent changes to the Test Rig are described, and performance
predictions for geometrically similar turbines operating with
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c„ Specific heat, constant pressure
F Force
g Universal gravitational constant
H Total enthalpy
h Static enthalpy
h Isentrooic static enthalpy
(HP) Horsepower






m Mass flow rate
N Revolutions per minute
P Pressure
R Universal gas constant
R^ Mean radius
r Radial dimension






U* Equivalent referred peripheral velocity
V Absolute velocity
V* Equivalent referred absolute velocity
W Relative velocity
W* Equivalent referred relative velocity
w Weight flow rate
Greek Letters
CX. Absolute flow angle
j3 Relative flow angle
J Specific heat ratio

























1 Between stator and rotor
2 Downstream of rotor

1 . Introduction.
Turbine applications cover a very wide range of operating regimes.
In aerospace applications the turbines must often be small due to severe
weight limitations. Also the extremes of the harsh environment impose
special conditions such as operation with exotic fluids. In order to
achieve the necessary performance these turbines often run at very
high rotating speeds and the design tolerances become very critical.
In this light all contributing factors must be carefully examined.
Relatively unknown are the effects of axial and radial blade clearances
upon turbine performance. Determination of these effects was under-
taken by tests on the Turbine Test Rig at the Turbo Propulsion
Laboratory, Department of Aeronautics, Naval Postgraduate School,
Monterey, California. The unique Turbine Test Rig design provides
great latitude in the investigation of turbine performance parameters.
This thesis is concerned with the method of analysis and pre-
sentation of results of tests on two different reaction turbines.
Since these tests were run with compressed air the prediction
of performance with other media is also presented in this thesis.
Thanks and appreciation are given to Professor Vavra for his
valuable guidance and to Mr. L. . T. Clark for his willing assistance.
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2. Test Installation.
The Turbine Test Rig (TTR) is described in detail by Eckert 1
and to avoid duplication this discussion will be concerned primarily
with alterations in the installation since Eckert's work, stator-rotor
combinations used, and data measurements.
The installation consists basically of a floating stator housing
assembly and a rotor assembly. Air is supplied by an axial com-
pressor through a series of plenum tanks. The inlet air pressure
forms the "air cushion" to float the stator assembly. This is accom-
plished through a labyrinth seal between the inlet manifold and the
stator assembly. The rotor assembly consists of the rotor and dyna-
mometer connected by the rotor shaft. The dynamometer is remote-
ly controlled to produce desired load on the rotor.
A schematic of the installation is presented in Fig. 1. All tests
included herein were conducted without the hood, thus the turbine ex-
hausted directly into the atmosphere. Three conical screens were in-
stalled upstream from the stator nozzle to even out the flow and reduce
any radial or tangential velocity component at the stator entrance.
Six Kiel total pressure probes and two total temperature probes
are installed downstream from the screens, but still upstream from the
stator nozzle. The six Kiel probes are stationed at even intervals around
AEckert, R. H., Performance Analysis and Initial Tests of a





the stator assembly circumference, and are averaged to obtain the in-
let total pressure PTO . The associated total temperature probesihave
proven slightly unreliable, therefore the inlet total temperature is
taken by the bullet probe indicated in Fig. 1.
The rotor shroud contains seventeen static pressure taps. The
extreme upstream tap is taken as the station (1) rotor tip pressure.
Proceeding downstream, taps 1-13 are all on the shroud inner perim-
eter. Taps 14-16 are on the angled bevel and tap 1 7 is on the extreme
end of the shroud.
The station (1) hub pressure is taken from a tap off the stator
hub to the chamber between the stator hub and the closure plate. The
axial force differential and the moment acting on the closure plate are
measured by strain gage flexures.
The main force and moment measurements on the floating stator
assembly are measured by the reluctance type force capsules denoted
respectively by F and M in Fig. 1. The torque developed by the tur-
bine load is measured by an electronic torque capsule of the dynamo-
meter
.
The method of calibration and the set-up of these instruments
are described by Eckert.* . The rotor torque capsule calibration has




The flow rate measurement method is presented by Eckert.
This calibration holds throughout the range of magnitude of flow rates
for the tests presented here. For lower flow rates the reader is re-
ferred to the work by Naviaux. 3
A summary of the measurements, which are used in this
analysis is given below:
1. The flow rate is calculated from measurements of total
temperature, total pressure, and pressure differential across the
nozzle, all taken at the flow nozzle. The leakage flow through the
labyrinths of the floating stator assembly is obtained from the
measured total pressure and total temperature in the plenum and
the calibration data of Eckert.
2. On the stator are measured the total inlet temperature,
total inlet pressure, hub static pressure, and seventeen shroud
static pressures which include the tip static pressure. Direct force
measurements include the force and moment on the stator assembly
and the force and moment on the closure plate.
3. The rotor measurements are the rotor speed, the torque
on the rotor shaft, and the exhaust static pressure.
^Eckert, R. H., Determination of Flow Rates, Transonic
Turbine Test Rig (USNPGS TN 66T-1 January 1966).
^Naviaux, J. C, Transonic Turbine Test Rig Exhauster
Tests, and Tests of a Reaction Turbine (USNPGS Thesis Dec. 1966).
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The two turbines used in these tests are markedly different in
appearance. The so-called MOD I turbine has an outer diameter of
approximately 9.9 inches with a blade height of about 1.8 inches.
The turbine was designed for free vortex flow and the rotor blades
therefore have considerable twist between the hub and tip. The
blading at the hub is of the impulse type whereas at the tip it has a
degree of reaction of about fifty percent. The blades are fairly thin,
and because of the high degree of twist, this rotor is difficult to
manufacture. Blade stresses are high and the natural frequencies
of the blades are close to the frequencies that the turbine produces.
The rotor has 22 blades. The stator of the MOD I turbine has 13
blades which are slightly twisted. The small number of blades be-
came necessary because of the stresses in the blades at the actual
operating conditions.
The MOD II turbine has stator and rotor blades that are not
twisted. The degree of reaction at the mean diameter is equal to
that of the MOD I turbine. The blades have blunt leading edges to
become insensitive to the incidence angle variations that occur.
The large blade thickness allows cooling holes radially down the
center of the blades. However, blade cooling has not been used to
date on this turbine. The rotor has 18 blades, a hub diameter of
6.600 inches, and a tip diameter of 9.837 inches. The stator of the
MOD II turbine has 19 blades, a hub diameter of 6.795 inches, and
a tip diameter of 9.701 inches.
16
3. Turbine Performance Analysis
The method used for the turbine performance analysis is a
one -dimensional approach based on the equations of continuity,
energy, momentum, and moment of momentum. The basic ap-
4
proach is that given by Vavra. The assumptions made in con-
ducting the analysis are:
1 . The flow is axisymmetric with no initial peripheral com-
ponent and no radial component throughout.
2. The flow is steady and adiabatic, thus along the mean
streamline there is no change in the relative total enthalpy through
the rotor
.
3. The fluid (air) acts as an ideal gas with constant specific
heat throughout the test temperature range.
Conditions across the stator are intended to be found by ap-
plying the momentum equation to axial force measurements taken on
the floating stator assembly and by applying moment of momentum to
the torque measurements. For this case the momentum equation is:
2FA 'FAX + F1 -Fz-F3 -F4-§-':6 = ^VA1 (1)
where r^ and F, are measured by force pickups and the forces
1
*"° 5 are com Puted from known pressures acting on respec-
tive areas
.
4 Vavra, M. H., Aero-Thermodynamics and Flow in Turbo-
Machines. New York, London: John Wiley and Sons, Inc., I960,
Chapter 15.
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The moment of momentum equation is:
lM = M +M
(>
= mRM Vul (2)
where rL is measured by a force pickup acting through a known
lever arm (actually calibrated for torque). The application of these
forces and moments is shown in Fig. 2. The torque Mt is caused
by frictional force due to rotating air between the rotor hub and the
closure plate. In Fig. 2 all forces and moments are shown as ex-
ternal forces and are taken as positive values in the directions
shown. With the measured weight flow rate w there are
\J --
9 ^ Fa (3)
-^TT- (4)ui
'M
The equation of continuity can also be used to determine
AlVA « , since
wVA( - —Z-r- (5)
9/f A
The equations of state and energy give
/o , -A- (6)
T
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Equations (5), (6), (7) and (8) may be iterated or solved directly
since K is measured. From Fig. 4 additional stator exit
quantities are given by
U
t
= coR M (9)







t «+ </' (12)






The stator efficiency is
















FIGURE 4 VELOCITY DIAGRAM
zi
The flow func tion x is given by Vavra as
$. W







A flow restriction factor ^- can then be defined by
V *
IS






Conditions at the rotor discharge are found by use of the
moment of momentum equation. The torque M^ measured by the
dynamometer is
M, = ^Rm(Vu1 -Vuz ) (2i)
Thus




5 Vavra, M. H., Problems of Fluid Mechanics in Radial
Turbomachines Parts I & II. Von Karman Institute Course Note
55a. Rhode -Saint-Genese , Belgium: Von Karman Institute for
Fluid Dynamics, March 1965, equation C (7).
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From continuity the axial component is
v«
= ^ (23)
The equations of state and energy give
T2 = TT2 - ^ (25)2qJgucp
with
2 2 ^
V2 = (VA2 + Vu2 ) (26)
In order to solve equations (23), (24), (25), (26) either by-
iteration or directly the values of P-, and TT2 must first be determined.
The static pressure P2 is taken as the static pressure in the exhaust
hood or as atmospheric when the hood is not used. Since no energy
is removed from the fluid prior to entering the rotor, TTi is found by
_ X A (po*e R)
' Ti
'




A (POWER) = GO M 2 (28)
The above equations may now be solved to obtain the values of v.-
,
Vy2 an d V2 . The peripheral rotor velocity is
U 2 =coR M (29)
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The relative velocities are then determined by
Ki* VK-"z
wA2 = v„






























The isentropic head coefficient is





Referred performance values are determined with respect to the
reference parameters:





where 518.4 R and 14.7 psia are standard day sea level atmos-



















The theoretical degree* of reaction is




Degree of reaction is also determined at the rotor blade hub and tip
* (?) - i
" 777^ (45)
where Pj is that measured at the hub and the tip respectively. The












4. Turbine Tests and Results
Tests analyzed here were made with the MOD I turbine, runs 21
through 38, beginning August 11, 1966, and ending September 10, 1966,
andwith the MOD II turbine, runs 39 through 47, beginning September
17, 1966, and ending October 18, 1966. The most productive runs
were 22, 23, 35, 36, 37, 40, 44 and 45. Many of the other runs
were used for the specific purpose of clarifying certain points, test-
ing the installation or making radial surveys at the turbine exhaust.
Tables I and II contain a brief summary of the tests, indicating the
radial and axial clearances which were investigated.
Prior to each test the measurement systems for stator force
and moment, and rotor moment were calibrated. The closure plate
force and moment measurement systems were calibrated several
times initially but due to small and repeatable readings were not
calibrated prior to each run. The thermocouple temperature read-
ings were referenced to ice water at 32° F for each run.
Tests were conducted by setting the inlet total pressure at the
desired level and then varying the RPM by varying the load imposed
by the dynamometer. Maximum load produced minimum RPM.
Since RPM effected inlet total pressure, the inlet total pressure had
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The maximum inlet total temperature for these runs was about
127°F, while most of the runs were in the 110°F to 115°F range.
The mean radius used in data reduction was 4. 187 inches .
This value was obtained from
/ t z dt
The head coefficient is referred to an arbitrary mean radius of
4.125 inches
.
In order to obtain the mean static pressure P, between the
stator and rotor a linear variation was assumed between the hub
pressure and the tip pressure, or
P „ + P
P,=
""" + KTIP (49)
The data obtained from these tests was reduced on the CDC 1604
computer of the Naval Postgraduate School with a program incorpora-
ting the analysis of the preceeding section. The tabulated results and
the computer programs are filed under separate cover at the Turbo-
Propulsion Laboratory, Naval Postgraduate School, Monterey,
California. Contained in this report are graphic summaries of the
results
.
The effect of axial clearance between the statorc and rotor was
investigated through two series of runs with the MOD I turbine. The
first series, with a common radial clearance of 0.020 inches, is shown
in Fig. 5 . The axial clearance was varied between the extremes of
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0.090 inches and 0.620 inches. No clearcut pattern of efficiencies
emerges, and the points associated with all axial clearances are quite
interspersed. However, the highest efficiency was obtained at the
greatest axial clearance, and at the second greatest axial clearance
( A a = 0.41 inches) the lowest efficiency was produced at a head co-
efficient of about 2.1. If only the optimum efficiency point for each
clearance is considered it appears that increasing clearance increases
efficiency
.
The second series of tests at different axial clearances is shown
in Fig. 6, where the common radial clearance is 0.033 inches. Axial
clearances varied between 0.090 and 0.410 inches. Again, the results
do not point to any clear interdependence of axial clearance and effi-
ciency, but do corroborate the results of the first series. Based on
these tests it can be concluded that efficiency is not greatly dependent
on axial clearance variation from one percent to six percent of the
turbine diameter.
Increasing radial clearance is associated with a decrease in
efficiency because of the tip clearance flow. In Fig. 7 are shown the
efficiencies of the MOD I turbine at rotor tip clearances of 0.020
inches and 0.033 inches at pressure ratios of 1 . 3 and 1.5. At both
pressure ratios the efficiency decreased by about two points if the
radial clearance was increased from 1.1 to 1.8 percent of the mean
rotor blade height of 1.82 inches
.
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Various performance plots of the MOD I turbine are shown in
Figs. 8, 9, and 10. Fig. 8 shows that at any particular pressure
ratio the torque produced is a nearly linear function of the referred
speed. A comparison of this relation at the two different radial
clearances yielded no discernable difference except very slight dis-
placement of the 1.5 pressure ratio line. It can be noted that the
curves for the different pressure ratios have nearly equal slopes.
The effect of radial clearance upon flow rate becomes evident
in Fig. 9. An increase in radial clearance produces an increase in
flow rate. As the pressure ratio increases this effect becomes more
pronounced. It can also be seen by the slopes of the lines that the re-
ferred speed has a greater effect on flow rate at lower pressure ratios.
The power produced by the turbine is a direct function of the
pressure ratio as exhibited in Fig. 10. Radial and axial clearance
had practically no effect on the power generated, but the larger flow
rate that passes through the turbine at increased radial clearances
decreases the efficiency.
Since it was shown with the MOD I tests that different axial
clearances had a negligible effect on performance the tests with the
MOD II turbine were carried out at a fixed axial clearance of 0.410
inches for the three radial tip clearances of 0.015, 0.024, and 0.033
inches. The plots of Figs. 11, 12, 13 and 14 show a consistent drop
in efficiency of 2.5 to 3.0 points for an increase in radial clearance




that at clearances greater than about 1.5 percent of the blade height
the efficiency decreases radically.
That referred torque is a linear function of referred speed is
again verified! by Fig. 15 where it is shown again that radial clearances
have no appreciable effect.
The MOD II turbine shows the same tendency as the MOD I turbine
as far as the influence of radial clearance on flow rate is concerned.
However, Fig. 16 shows that for the MOD II turbine the referred speed
has a more pronounced effect on flow rate at low pressure ratios than
that obtained for the MOD I turbine.
In contrast to the results with the MOD I stage the radial clearances
have an effect on the power produced by the MOD II turbine at all pres-
sure ratios. This effect is clearly shown in Fig. 17 . Moreover,
both curves show a slight deviation from the linear relationship be-
tween power and pressure ratio, at pressure ratios higher than about
1.5.
The effect of pressure ratio on the efficiency of the MOD II tur-
bine is somewhat surprising. Since the design pressure ratio is
about 1.5, the highest efficiency should occur at this value. How-
ever, the peak efficiency at radial clearances of 0.024 and 0.033
inches occurred at the lowest pressure ratio as exhibited in Fig. 18.
The results of runs 40 and 43 for a radial clearance of 0.015 inches,
which are shown in Fig. 19, were more as expected and contrary to
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Fig. 18. No feasible explanation can be offered for the difference be-
tween Fig. 18 and Fig. 19 without additional test runs.
Fig. 20 summarizes the effect of radial clearance on efficiency
for both turbines. The radical decrease in efficiency at radial
clearances greater than 1.5 percent of blade height is clearly evident
on the MOD II curve. The dashed lines are conjectural and additional
runs are necessary for continuation of the curves.
5. Turbine Performance Prediction for Different Fluids
Prediction of the turbine performance for media other than air
may be made on the basis of air test results. Similarity laws make
it possible to relate air test data to gases with different properties
except for the effect of the value of the specific heat ratio . To
6
account for this effect a method established by Vavra can be used,
of which the highlights are presented here only.
The analysis is based on the conditions that the dimensionless
equivalent velocities
* v,




-W < 51 >
Vavra, M. H., Determination of Single-Stage Turbine
Performance at Various Values of Specific Heat Ratio, Unpublished
Notes of 8 August 1966.
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at the stator discharge remain equal for operations with air and with
a gas having ah arbitrary value of X . Moreover it is assumed
that
C>< = rotor absolute entrance angle
and
>0 = rotor relative discharge angle
remain unchanged. The following turbine parameters are supposed
to be known:
A^ A = stator and rotor throat areas, respectively
L L : stator and rotor loss coefficients, respectively
Tc £ s stator, rotor restriction coefficients referred
to throat areas
and the particular specific heat ratio of interest.
For the stator the energy equation gives
TT!™
- , + £1 (OT
4
' Z* vv i





















where the limiting case is the choked condition that occurs at a
pressure ratio of
A.) . f-L-fo
The remaining stator relationships are




















T - T + Wi
2qJCp
(63)
The relationship between U. and U is known from the rotor radius
ratio R2/R1 where R2 and K\ are mean rotor radii at discharge and
























W here T £ /TT0 is found from (52) and (64), and P£ /PTO from
(55) and (65). The rotor flow function is
*R A R ? R »-i
2y PxY*
. V/z
w - (1) (67)
Since the left 3side of (67) is known Po/Pp may be found by-























Also, from Fig. 4
and
wut = W* sin/S2
K- W* COS^
*














The stage performance characteristics of interest are total-to-static
efficiency, isentropic head coefficient, theoretical degree of reaction,
and the leaving loss coefficient. The isentropic temperature drop
ATIS










where T ? /TTft is






The total-to-static efficiency is then
A I work/ Tto
7 ATIS /Tto





and can be expressed as




From Fig. 3 the degree of reaction is obtained from
T*ATIS = AT,,- (Tto-t;)
which leads to
^*_ t,/tto + at1s /tto -
^Tis/Tto














A typical prediction on the basis of the preceeding presentation
is given in Tables III and IV. The chosen fluid is supposed to have a
specific heat ratio of 1.2572. The tables are self-explanatory and
contain all input values which result from the air model performance
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analysis. The calculations were carried out by electronic digital com-
puter, since various iterations were necessary to determine the per-
formance values at specified pressure ratios.
6. Discussion and Recommendations.
In section 3, two methods were presented for obtaining the
stator performance, namely one based on momentum, the other on
continuity considerations. For the final results continuity was re-
-
lied upon. Momentum is the preferable method because of the
nature of the instrumentation and reliance upon external, direct
measurements. However, momentum produced consistently high
axial velocities. This may be due to several factors. First was the
attainment of the average pressure P^ between stator and rotor. The
assumption of linearity between the hub and tip did not give the desired
results, and attempts of varying Pi in accordance with other relation-
ships did not produce agreement between momentum and continuity
either. Possible reasons for this discrepancy may be due to other
factors also, particularly, the difficulties associated with the determi-
nation of the exact value of the net axial force produced by the axial
component of the stator discharge velocity. For a mass flow rate
of about 5 lb /sec and an axial velocity at the stator exit of about
240 ft/sec the resultant net force due to momentum change is about
37 lbf. The axial force measured by the force capsule is about
135 lbf, and the force exerted on the closure plate is about 30 lbf.
From the difference between these two measurements, namely 105 lbf ,
39
68 lbf are produced by pressure distributions that act on the shroud
and cross sectional areas at station (1). It is readily seen that a
small error in the measured forces produces a large error in the net
force and axial velocity. It is necessary also that extreme care be
taken in determining the exact pressures acting on particular areas
of the stator assembly. It is recommended that instrumentation be
introduced through the shroud between the stator and rotor to gain
exact pressure and temperature distributions between the hub and tip.
This could be done at axial clearances of about 0.4 to 0.6 inches.
Efficiency and power are direct functions of the rotor shaft
torque. The readings from the electronic torque capsule seemed
somewhat doubtful because a number of calibrations failed to pro-
duce exact repeatability, and the calibration curves were not quite
linear in several cases. Due to the importance of this measure-
ment it would greatly benefit future data analyses to have this
situation rectified.
The present computer program for the data reduction could
still be improved considerably. Together with the above mentioned
improvements, more exact determinations of the flow restriction
factors and the loss coefficients would then be possible . These
performance parameters are particularly important for the pre-
diction method of section 5.
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An error analysis was begun but not completed. It was planned
to feed into the computer program the maximum variations of the
readings in such combinations as to produce the maximum possible
deviation from the average values. This procedure would be an
"actual" error analysis and of more value than a theoretical attempt.
Prior solution of the above-mentioned problems would greatly im-
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PLOTS OF REFERRED SPEED VS REFERRED TORQUE
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RUN 35 (AV= .033", Adx = . 180"; GHVE
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TOTAL- STATIC EFFICIENCY VS ISENTROPIC HEAD COEFFICIENT
FOR THE MOD II ROTOR
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FIGURE 15
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PLOT OF REFERRED FLOW RATE MS REFERRED SPEED
FOR THE MODH ROTOR
RUN 44
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TURBO - PROPULSION LABORATORY
OPERATING PERFORMANCE OF TURBINE STAGE FOR
TURBINE
ALPHA1 = 70. DEC, FLOW RESTRICTION FACTOR STATOR = .960
BETA2=-63. DEG.
;
FLOW RESTRICTION FACTOR ROTOR = .954
Dl = 8.25 IN.
FIRST LINE GIVES PERFORMANCE AT
SECOND LINE GIVES EQUIVALENT PERFORMANCE FOR
FOLLOWING LINES GIVE EQUIVALENT PERFORMANCE FOR




2572 .66000 .57191 12,.07 1 .5108 6,,8288
1 .4010 .66000 .57191 12,,07 1 .4993 6,.9096
1 .4010 .45875 .39752 12,.07 1 ,2000 5.,3032
1 .4010 .54422 .47158 12,,07 1 .3000 6,,0562
1 .4010 .60906 .52777 12,.07 1 .4000 6,.5585
1 .4010 .63613 .55123 12,,07 1 .4500 6.,7499
I .4010 .66035 .57221 12,,07 1 .5000 6 .9119
1 .4010 .68203 .59100 12,,07 1 .5500 7,,0494
1 .4010 . 70158 .60794 12,,07 1 ,6000 7, , 1672
1 .4010
.




GAMMA =1.4010 FOR DESIGN CONDITIONS AT GAMMA =1.2572
TYPE ARES MOD II
LOSS COEFF. STATOR = .079
;
THROAT AREA STATOR= 1 2 . 70 SQ.IN
LOSS COEFF. ROTOR = . 093
;
THROAT AREA ROTOR =16.08 SQ.IN
R2/R1 =.990
DESIGN CONDITIONS FOR GAMMA =1.25 72
GAMMA= 1.4010 AT SAME EQUIVALENT VELOCITY V1EQ
SAME ANGLES ALPHA1 AND BETA1 AT SELECTED PRESS. RATIOS
KIS EFFIC. DEGREE ALPHA2 W1EQ W2EQ LEAV.
(PCT.) REACTION (DEG) LOSS
COEFF,
2.5274 81.94 .4279 5.89 .23084 .61497 .0918
2.4841 82.08 .4179 7.93 .23084 .60839 .0910
2.3161 82.11 .3757 17.21 .16045 .38530 .0898
2.3692 82.15 .3897 14.11 .19034 .47149 .0897
2.4254 82.14 .4038 11.00 .21302 .54436 .0901
2.4542 82.12 .4108 9.47 .22249 .57745 .0905
2 .4843 82.08 .4179 7.92 .23096 .60876 .0910
2..5158 82.03 .4252 6.35 .23855 .63883 .0917
2 .5471 81.97 .4323 4.84 .24538 .66737 .0925




OPERATING PERFORMANCE OF TURBINE STAGE FOR
TURBINE TYPE ARES MOD II
ALPHA1 = 70
BETA2




FLOW RESTRICTION FACTOR ROTOR = .954
8.25 IN.
MEASURED DATA . . PT0/P2 = 1 . 4980, WFOEQ = 6.8955 SQ. IN
FIRST LINE GIVES PERFORMANCE CALCULATED FOR
SECOND LINE GIVES EQUIVALENT PERFORMANCE FOR
FOLLOWING LINES GIVE EQUIVALENT PERFORMANCE FOR
GAMMA V1EQ U1EQ BETA1 PT0/P2 WFOEQ
(DEG) (SQ.IN)
1 .4010 . .66000 .57191 12.,07. 1 .4993 6,,9096
1 .2572 .66000 .57191 12,.07 1 .5108 6,,8288
1 .2572 .45750 .39644 12,,07 1 ,2000 5 .2633
1 .2572 .54188 .46955 12,,07 1 ,3000 5,.9909
1 .2572 .60547 .52466 12,,07 1 ,4000 6,,4690
1 .2572 .63180 .54747 12,,07 1 .4500 6,.6486
1 .2572 .65525 .56780 12,,07 1 ,5000 6,,7994
1 .2572 .67619 .58594 12,,07 1,,5500 6,,9265
1 .2572 .69494 .60219 12,,07 1 ,6000 7.,0344




GAMMA= 1.2572 FROM TEST DATA WITH AIR AT GAMMA= 1.4010
TEST RUN 47 DATE 10/18/66 TEST POINT 7
LOSS COEFF. STATOR = .079
;
THROAT AREA STATOR = 12.70 SQ.IN.
LOSS COEFF. ROTOR =.093,THROAT AREA ROTOR * 16.08 SQ.IN.
R2/R1 = .990
KIS = 2.5816, EFFIC.= 80.64 PCT DEGREE REACTION = .3989
AIR (GAMMA = 1.4010) WITH ABOVE LISTED INPUT DATA
GAMMA = 1.2572 AT SAME EQUIVALENT VELOCITY V1EQ
SAME ANGLES ALPHA1 AND BETA1 AT SELECTED PRESS. RATIOS
KIS EFFIC. DEGREE ALPHA2 W1EQ W2EQ LEAV.
(PCT.) REACTION (DEG) LOSS
COEFF
2.4841 82.08 .4179 7.93 .23084 .60839 .0910
2.5274 81.94 .4279 5.89 .23084 .61497 .0918
2.3270 82.09 .3786 16.61 .16001 .38511 .0897
2.3872 82.11 .3943 13.17 .18952 .47120 .0898
2.4513 82,.06 .4101 9.71 .21177 .54396 .0904
2.4847 82,.02 .4180 8.00 .22098 .57694 .0909
2.5202 81..95 .4262 6.25 .22918 .60851 .0917
2.5558 81..88 .4342 4.54 .23650 .63832 .0925
2.5934 81
,
.78 .4424 2.82 .24306 .66713 .0936
2.6727 81,,53 .4590 -.59 .25420 .72168 .0962
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